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OBJECTIVES In this study, the transverse conduction capabilities of the crista terminalis (CT) were
determined during pacing in sinus rhythm in patients with atrial flutter and atrial fibrillation.
BACKGROUND It has been demonstrated that the CT is a barrier to transverse conduction during typical atrial
flutter. Mapping studies in animal models provide evidence that this is functional. The
influence of transverse conduction capabilities of the CT on the development of atrial flutter
remains unclear.
METHODS The CT was identified by intracardiac echocardiography. The atrial activation at the CT was
determined during programmed stimulation with one extrastimulus at five pacing sites
anteriorly to the CT in 10 patients with atrial flutter and 10 patients with atrial fibrillation
before and after intravenous administration of 2 mg/kg disopyramide. Subsequently, atrial
arrhythmias were reinduced.
RESULTS At baseline, pacing with longer coupling intervals resulted in a transverse pulse propagation
across the CT. During shorter coupling intervals, split electrograms and a marked alteration
of the activation sequence of its second component were found, indicating a functional
conduction block. In patients with atrial flutter, the longest coupling interval that resulted in
a complete transverse conduction block at the CT was significantly longer than that in
patients with atrial fibrillation (285 6 49 ms vs. 221 6 28 ms; p , 0.05). After disopyramide
administration, a transverse conduction block occurred at longer coupling intervals as
compared with baseline (287 6 68 ms vs. 250 6 52 ms; p , 0.05). Subsequently, a sustained
atrial arrhythmia was inducible in 15 of 20 patients. This was atrial flutter in three patients
with previously documented atrial fibrillation and in eight patients with history of atrial
flutter. Mapping revealed a conduction block at the CT in all of these patients.
CONCLUSIONS It was found that the CT provides transverse conduction capabilities and that the conduction
block during atrial flutter is functional. Limited transverse conduction capabilities of the CT
seem to contribute to the development of atrial flutter. (J Am Coll Cardiol 1999;34:363–73)
© 1999 by the American College of Cardiology
It is well established that typical atrial flutter is a macro-
reentrant rhythm localized to the right atrium (1–4). In
animal models as well as in humans, it has been demon-
strated that the atrial flutter reentrant circuit is determined
by right atrial barriers to conduction (5–13). One of the
conduction barriers during atrial flutter that has been
identified is the crista terminalis (CT) (14). It has been
suggested that this is anatomically fixed. However, mapping
studies in animal models provide evidence that transverse
conduction across the CT occurs in normal hearts (15,16).
The transverse conduction capabilities of the CT have not
been investigated in patients with history of atrial flutter.
In contrast to atrial flutter, the mechanism of atrial
fibrillation has not been fully elucidated. However, recent
studies support the multiple wavelet hypothesis of Moe (17)
and the concept that atrial fibrillation involves a critical
number of re-entrant wavelets (18,19).
It has long been recognized that some patients with
recurrent atrial arrhythmias exhibit exclusively episodes of
atrial flutter and others exclusively episodes of atrial fibril-
lation. Limited data are available concerning potential
electrophysiologic conditions that are prone to the develop-
ment of either atrial flutter or atrial fibrillation. Conversely,
spontaneous or drug-related organization of atrial fibrilla-
tion into atrial flutter is well known (20). Studies in the
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sterile pericarditis canine model have provided evidence that
the spontaneous conversion of atrial fibrillation to atrial
flutter is determined by an increase in length of the line of
functional block in the right atrial free wall (21).
The present study was performed to determine potential
conduction across the CT in patients with history of atrial
flutter and atrial fibrillation and to clarify a potential role of
the CT in predisposing for the development of atrial flutter.
Specifically, the CT was identified using intracardiac echo-
cardiography (14,22,23). Subsequently, the transverse con-
duction capabilities of the CT were determined during
pacing in normal sinus rhythm in patients with history of
either atrial flutter or atrial fibrillation.
METHODS
Study population. This study included 26 patients (8
women, 18 men; mean age, 62 6 7 years; range, 51 to 72
years) with atrial tachyarrhythmias who were referred to our
institution for electrophysiologic study and catheter ablation
of typical atrial flutter or atrioventricular node modification/
ablation in drug-resistant atrial fibrillation. Eight patients
had atrial enlargement, defined as a right atrial mediolateral
diameter .3 cm in the apical view or a left atrial posteroan-
terior diameter .4 cm in the parasternal view. All patients
had undergone coronary angiography. Seven patients had
hypertensive heart disease and two patients had coronary
artery disease. Left ventricular ejection fraction was normal
in all patients. None of the patients had evidence of
intracardiac thrombus formation, as assessed with trans-
esophageal echocardiography. Ten patients (3 women, 7
men; mean age, 63 6 8 years; range, 51 to 72 years) had
documented recurrent typical type I atrial flutter (24). They
had experienced at least two episodes of atrial flutter
throughout the last six months. The flutter cycle length was
230 6 22 ms (range, 210 to 280 ms). None of these patients
had evidence of additional atrial fibrillation. Sixteen addi-
tional patients (5 women, 11 men; mean age, 62 6 5 years;
range, 54 to 69 years) had recurrent episodes of atrial
fibrillation. At least one episode had been documented.
None of the patients had evidence of additional arrhythmias.
Electrophysiologic study. All patients gave informed writ-
ten consent according to the protocol approved by the local
Committee on Human Research. Antiarrhythmic drug
therapy was discontinued for a duration of at least five
half-lives. None of the patients was administered amioda-
rone for the last six months. All patients were in a fasting
state and mildly sedated with midazolam. Twenty-two
patients were in sinus rhythm at the onset of the electro-
physiologic study; four patients were in typical atrial flutter.
If atrial flutter was present, sinus rhythm was re-
established by atrial overdrive pacing. In normal sinus
rhythm, a baseline electrophysiologic study was performed.
Subsequently, a 10-F 10-MHz intracardiac ultrasound
catheter (Cardiovascular Imaging System, San Jose, Cali-
fornia) was inserted through a femoral vein and advanced to
the right atrium to identify the CT. Images were obtained
with a Vingmed ultrasound system (Santa Clara, California)
and recorded on videotape. Two steerable 7-F decapolar
catheters with an interbipole spacing of 5 mm and an
interelectrode spacing of 2 mm were inserted in the femoral
vein and advanced through an 8-F long introducer sheath
(SRO, Daig, Minnesota) into the right atrium. One of these
catheters was positioned under echocardiographic guidance
along the CT. This catheter was used for determination of
transverse conduction across the CT and is referred to as the
CT catheter. The distal bipole was designated as Pair 1. The
subsequent bipoles were numbered 2 through 5 in sequence.
Pair 1 referred to the superior aspect of the CT, Pair 5 to the
inferior aspect. The second decapolar catheter was posi-
tioned under fluoroscopic guidance parallel and 0.5 to
1.5 cm anteriorly to the CT catheter. This catheter was used
for pacing. A typical catheter position is illustrated in Figure 1.
Endocardial bipolar electrograms were recorded from
each catheter with a filter bandwidth of 30 to 500 Hz
simultaneously with 12-lead surface electrocardiograms and
stored digitally on a Lab System (Bard, Boston, Massachu-
setts). Pacing maneuvers were performed with a rectangular
stimulus pulse of 1-ms duration at twice diastolic threshold
amplitude (UHS20, Biotronik, Berlin, Germany). During
normal sinus rhythm, programmed atrial stimulation was
performed with one extrastimulus (10-ms decrement) at six
different pacing cycle lengths (700, 600, 500, 400, 333,
300 ms) at each bipole of the pacing catheter positioned
anteriorly to the CT. Accordingly, five pacing sites were
used for analysis. For each pacing site, atrial activation at the
CT was determined at each bipole of the CT catheter.
Subsequently, a dose of 2 mg/kg disopyramide was admin-
istered intravenously. The pacing protocol was repeated
then to determine drug-related changes of transverse con-
duction parameters. Finally, the pacing catheter was ad-
vanced into the coronary sinus. Atrial tachyarrhythmia was
reinduced by programmed atrial stimulation at the coronary
sinus orifice. During atrial tachyarrhythmia, pulse propaga-
tion at the CT and the coronary sinus was documented.
After acquisition of all data, catheter ablation of atrial
flutter, atrioventricular node modification or total atrioven-
tricular junction ablation was performed.
Definitions. During pacing, atrial activation at the CT was
continuously recorded at the CT catheter. During baseline
pacing, we determined the transverse conduction time by
measuring the interval between the onset of atrial activation
at corresponding opposite bipoles of the pacing and the
Abbreviations and Acronyms
CT 5 crista terminalis
ERPtrans 5 effective refractory period for transverse
conduction
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mapping catheter and the longitudinal conduction time by
measuring the interval between the onset of atrial activation
at two subsequent bipoles of the mapping catheter. Split
potentials were defined as two discrete deflections per beat
separated by an isoelectric interval. When split potentials
were found, separate measurements were made for each
component. When the occurrence of split potentials was
associated with a late activation of the second component of
this split potential, this was interpreted as functional con-
duction block at the given site. In contrast, a continuous
local activation with an activation sequence from the pacing
site toward both ends of the CT or a simultaneous activa-
tion at all CT mapping sites was interpreted as transverse
conduction across the CT. The effective refractory period
for transverse conduction (ERPtrans) of the CT was defined
as the longest coupling interval during programmed stimu-
lation that resulted in a complete functional conduction
block at the CT. The ERPtrans at a given bipole of the CT
catheter was determined by pacing via the corresponding
opposite bipole of the pacing catheter.
Statistical analysis. All data are reported as the means 6 1
SD except when noted otherwise. Continuous variables
were analyzed with a Student t test for paired or unpaired
data and categorical variables by Fisher exact test. A p value
,0.05 was considered statistically significant.
RESULTS
Twenty-six patients were enrolled in this study. In six
patients with previously documented atrial fibrillation, pac-
ing during sinus rhythm resulted in sustained atrial fibrilla-
tion. These patients were excluded. The complete pacing
protocol was performed in 20 patients who were used for
analysis. In all patients, an adequate catheter position along
the CT was documented by intracardiac echocardiography
(Fig. 2).
Transverse conduction across the CT. During pacing
with longer pacing cycle lengths anteriorly to the CT,
continuous endocardial activation could be recorded at all
CT mapping bipoles in all patients. The activation showed
a sequence from the pacing site toward both ends of the CT,
which was identical on both sides of the CT. Accordingly,
the intervals between atrial activation at a given pacing
bipole and the corresponding opposite mapping bipole were
almost identical along the entire length of the CT, giving no
evidence of a localized conduction block resulting in a
spread of activation on the posterior side of the CT, and
thus, indicating the presence of a transverse conduction
across the crista. An example is shown in Figure 3A. In
some patients with progressive shortening of the coupling
interval, the width of the potentials was progressively
prolonged (Fig. 3B). During baseline pacing, the transverse
conduction time between two opposite bipoles was consid-
erably longer (35 6 17 ms) than the longitudinal conduc-
tion time between two subsequent bipoles of the mapping
catheter (14 6 10 ms), despite the fact that the distances
were comparable (11 6 5 mm vs. 11 mm) (Table 1). This
gave strong evidence for anisotropy at the CT with a fast
pulse propagation conduction in the longitudinal direction
and a slow pulse propagation in the transverse direction.
Conduction block at the CT. With further shortening of
the coupling interval, split potentials were recorded at the
CT catheter (Fig. 3C). The occurrence of split potentials
Figure 1. A 60° right anterior oblique (A) and a 30° left anterior
oblique (B) fluoroscopic view of the heart showing typical posi-
tions of the intracardiac echocardiographic catheter (ICE), the
mapping catheter along the crista terminalis (CTMap) and the
pacing catheter approximately 0.5 to 1.0 cm anteriorly to the crista
terminalis (Pace).
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was always associated with a marked shift of the activa-
tion sequence of the second component of the split
potentials, whereas the activation sequence of the first
component and the longitudinal conduction time re-
mained unchanged. The interval between atrial activation
at a given pacing bipole and the second component of the
corresponding mapping bipole was long at mapping sites
where split potentials were present, whereas it was short
at sites with continuous activation, indicating an activa-
tion sequence from areas with continuous activation
toward areas with split potentials (Fig. 4). Accordingly,
each component of the split potentials could be inter-
preted as atrial activation on both sides of a functional
conduction block at the CT that was not present during
baseline pacing. Split potentials were found in 18 of 20
patients. In the presence of a functional block, activation
sequences from low to high (Fig. 4), as well as from high
to low (Fig. 5), were found on the posterior side of the
CT. However, when split potentials occurred, they were
not necessarily found along the entire extent of the CT
(Fig. 6). When a localized conduction block had oc-
curred, progressive shortening of the coupling intervals
resulted in an increase of the length of the functional
block. The longest coupling interval that was followed by
Figure 3. Recordings obtained during programmed stimulation in sinus rhythm (baseline cycle length S1–S1, 500 ms) approximately
0.5 cm anterior to the crista terminalis at bipole 1/2 of the pacing catheter (Patient #10). The surface leads I, II and III and the intracardiac
electrograms recorded at successive bipoles of the pacing (Pace) and the crista terminalis (CT) mapping catheter are shown. Bipole 1/2
refers to the most superior and bipole 9/10 to the most inferior pair of electrodes. Catheter position as in Figure 1. (A) Baseline pacing
with a pacing cycle length S1–S1 of 500 ms as well as an atrial premature beat with a coupling interval S1–S2 of 430 ms resulted in
continuous electrograms at all bipoles of the CT catheter. The width of local activation was relatively short, for example, 50 ms at bipole
CT1/2. The atrial activation at the CT showed a sequence from the pacing site at the superior aspect of the right atrium toward the inferior
right atrium (arrows). (B) A decrease of the coupling interval S1–S2 from 430 to 310 ms resulted in a significant prolongation of local
activation, for example, from 50 ms to 80 ms at bipole CT1/2, indicating a conduction delay. Two components (A and B) of the
fractionated potentials could be distinguished. However, no isoelectric interval was present and the activation sequence remained
unchanged. (C) After extrastimulus testing with a further 20 ms decrement of the coupling interval (S1–S2, 290 ms), local electrograms
at the CT mapping catheter showed a marked prolongation, for example, 105 ms at bipole CT1/2, and the two components became
separated by an isoelectric interval. With the occurrence of split potentials, a marked alteration of the activation sequence of the second
component of split potentials was found. As can be appreciated from these findings, a conduction block developed at the CT mapping
catheter that was not present during atrial premature beats with longer coupling intervals.
Figure 2. Intracardiac ultrasound images demonstrating the local-
ization of the crista terminalis (CT) as well as an adequate (A) and
an inadequate (B) position of the crista terminalis mapping
catheter (Map) during a typical investigation. Images were ob-
tained at the mid-right atrium inferior to the entrance of the right
atrial appendage. Orientation of the images is labeled on top.
IAS 5 interatrial septum; ICE 5 artifact of the intracardiac
ultrasound catheter.
Table 1. Interval (Mean 6 SD) Between the Onset of Atrial
Activation at Two Subsequent Bipoles of the Crista Terminalis
Mapping Catheter (Top) and at Two Opposite Bipoles of the
Pacing and the Mapping Catheter (Bottom)
Mapping Site
Interval
(ms)
Distance
(mm)
CT 1/2–CT 3/4 17 6 16 11
CT 3/4–CT 5/6 15 6 15 11
CT 5/6–CT 7/8 12 6 8 11
CT 7/8–CT 9/10 11 6 8 11
Pace 1/2–CT 1/2 38 6 20 13 6 4
Pace 3/4–CT 3/4 32 6 26 12 6 3
Pace 5/6–CT 5/6 34 6 30 11 6 2
Pace 7/8–CT 7/8 35 6 15 11 6 3
Pace 9/10–CT 9/10 33 6 17 10 6 2
Pacing was performed at bipole 1/2 of the pacing catheter (Pace) placed anteriorly to
the crista terminalis (CT) mapping catheter. Pacing cycle length was 500 ms. The
distance of two opposite bipoles was estimated in 30° left anterior oblique projection.
CT 1/2 refers to the most superior bipole of the CT mapping catheter, CT 9/10 to
the most inferior bipole.
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a complete conduction block at the CT was defined as
ERPtrans. The individual ERPtrans are presented in Table
2.
Transverse conduction in patients with atrial flutter and
atrial fibrillation. The ERPtrans were analyzed separately
for patients with history of atrial flutter and those with
history of atrial fibrillation. The ERPtrans of the CT were
longer in patients with atrial flutter, as compared with those
with atrial fibrillation. The mean ERPtrans of the CT was
285 6 49 ms in patients with atrial flutter and 221 6 28 ms
in patients with atrial fibrillation (p , 0.05). Correspond-
ingly, at a given coupling interval, the length of the line of
functional block in patients with atrial flutter exceeded that
observed in patients with atrial fibrillation. However, the
overall incidence of localized conduction block did not differ
significantly with regard to the underlying arrhythmia. For
both patient groups, the ERPtrans at each mapping bipole
are listed in Table 3.
Transverse conduction after disopyramide administra-
tion. Intravenous administration of disopyramide resulted
in an increase of ERPtrans in all patients. No differences in
the amount of increase were found regarding the underlying
arrhythmia. The average ERPtrans before and after disopyr-
amide administration are listed in Table 4. After disopyr-
amide administration, a sustained atrial tachyarrhythmia
was inducible by programmed stimulation in 15 of 20
patients. This was typical atrial flutter with inverted flutter
waves in leads II, III and a ventricular fibrillation in three
patients with previously documented atrial fibrillation and
in eight patients with history of atrial flutter. Mapping
revealed a conduction block at the CT in all of these
patients.
DISCUSSION
Main findings. In this study, pulse propagation across the
CT was investigated during pacing in sinus rhythm. The
Figure 4. Recordings obtained during programmed stimulation in sinus rhythm (baseline cycle length S1–S1, 600 ms; coupling interval
S1–S2, 250 ms) at bipole 1/2 of the pacing catheter (Patient #6). Surface leads I, II and III and intracardiac electrograms recorded at
successive bipoles of the pacing (Pace) and the crista terminalis (CT) mapping catheter are shown. Bipole 1/2 refers to the most superior
pair of electrodes, bipole 9/10 to the most inferior. Catheter position as in Figure 1. Baseline pacing resulted in the occurrence of broad
but continuous atrial activation at all CT mapping bipoles, suggestive for transverse pulse propagation across the CT. After extrastimulus
testing with a coupling interval of 250 ms, split potentials with an isoelectric interval were recorded, indicating a functional conduction
block at the CT. The first component of the split potentials represents the depolarization of the anterior aspect of the CT, the second
component that of the posterior aspect, respectively. In the presence of conduction block, the pulse propagation at the posterior right
atrium shows a sequence from low to high (arrow). Two components (A and B) of the fractionated potentials could be distinguished.
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findings were compared between patients with history of
sole atrial flutter and those with atrial fibrillation. Four sets
of results can be distinguished. Initially, the CT provides
transverse conduction capabilities in patients with history of
atrial fibrillation as well as in those with atrial flutter.
Second, the development of a rate-dependent, progressively
lengthening functional block is a characteristic electrophysi-
ologic finding at the CT. Third, during previously recog-
nized or drug-related atrial flutter, a conduction block was
present at the CT. Finally, the coupling intervals resulting
in a functional conduction block at the CT were signifi-
cantly longer in patients with atrial flutter, as compared with
those observed in patients with atrial fibrillation.
Transverse conduction across the CT. In patients with
typical atrial flutter, split potentials indicating a line of
complete conduction block have been documented at the
CT during atrial flutter (10,25). It has been suggested that
this is anatomically fixed. However, mapping studies in
animal models provide evidence that transverse conduction
across the CT occurs in normal hearts (21). Yamashita et al.
(15) found pulse propagation across the CT during pacing
at the high right atrium in the isolated dog atrium. This
result was supported recently by findings of Matsuo et al.
(16), who found transverse activation across the CT in the
canine model. In this study, transverse conduction across
the CT could be demonstrated also during pacing in sinus
rhythm in patients with history of atrial flutter.
Conduction block at the CT. As demonstrated, pacing
with shorter coupling intervals resulted in electrograms with
split potentials and a marked alteration of activation se-
quence suggestive of a functional conduction block. This
finding adds to the observation of several working groups
that split potentials are present at the CT or the lateral right
atrium during atrial flutter (14,21,25–28) or right atrial
pacing (15,16). In this study, a functional conduction block
was found in 18 of 20 patients investigated. Despite the
high incidence, the electrophysiologic characteristics of the
functional block showed a wide variation among individual
patients. In some patients when conduction block occurred,
it was apparent immediately along the entire extent of the
CT mapping catheter. This resulted in depolarization of the
posterior right atrium via a single ascending or descending
wave front deriving from the inferior or superior right
atrium. Both the descending and the ascending activation
sequence were found to be equally frequent providing no
evidence of a preferred propagation route. In addition to the
Figure 5. Recordings obtained during programmed stimulation in sinus rhythm (baseline cycle length S1–S1, 500 ms; coupling interval
S1–S2, 190 ms) at bipole 9/10 of the pacing catheter (Patient #11). Recordings, abbreviations and catheter position as in Figure 4. In this
example, occurrence of a functional conduction block at the CT resulted at the posterior right atrium in a pulse propagation from high
to low (arrow).
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observation of an immediate conduction block along the
entire CT, a primarily circumscribed conduction block or a
persistent gap was found in some patients. With progressive
shortening of the coupling interval, the functional conduc-
tion block progressively lengthens.
Mechanism of conduction block. The cause of slowed
conduction and conduction block is very likely to be
anisotropy rather than specific differences in local refracto-
riness. The methods used in this study did not allow
accurate determination of conduction velocities. However,
with known distance between the recording electrodes,
determination of transverse and longitudinal conduction
times gave strong evidence for a faster pulse propagation
along the CT and a slower pulse propagation across the CT.
Anisotropy at the CT with a high conduction velocity in the
longitudinal direction and a low conduction velocity in the
transverse direction due to a high gap junction density at
end-to-end connections and a low density at side-to-side
connections is well known (15,16,29–31). Yamashita et al.
(15) found that the local effective refractory periods did not
show any systematic pattern at the CT, whereas a marked
anisotropic conduction was found at the intercaval region.
High rate stimulation resulted in a functional conduction
block at the lateral edge of the CT as well as at the border
zone between the CT and the pectinate muscles. These
findings were recently supported by Schoels et al. (32), who
determined right atrial conduction velocity and dispersion
of refractory periods at the CT by epicardial high density
mapping in the canine model. Anisotropy might also
explain the finding that a single propagation wavefront
around the tricuspid annulus is found during low lateral or
coronary sinus pacing after catheter ablation of atrial flutter
(33–36) without evidence of additional activation emerging
from the posterior right atrium. After atrial flutter ablation,
pacing and mapping are performed adjacent to the tricuspid
annulus. Due to a circumferential fiber orientation (37), the
tricuspid annulus is a preferred propagation route (15). In
contrast, a pulse to propagate around the inferior vena cava
has to cross or pass at least two areas of slow conduction or
block (when leaving and when entering the posterior border
Figure 6. Recordings obtained during programmed stimulation in sinus rhythm (baseline cycle length S1–S1, 500 ms; coupling interval
S1–S2, 330 ms) at bipole 5/6 of the pacing catheter (Patient #7). Recordings, abbreviations and catheter position as in Figure 4. This figure
illustrates a typical example of a localized conduction block at the central aspect of the CT. As can be seen, baseline pacing at bipole 5/6
results in a spread of activation from the pacing site toward both edges of the CT mapping catheter. After extrastimulus testing with a
coupling interval of 330 ms, split potentials were recorded at bipole 5/6 and bipole 7/8 of the CT mapping catheter. The activation
sequence of the first component of split potentials was identical to that during baseline pacing. However, the activation sequence of the
second component indicated two wavefronts colliding at bipole 5/6. The descending wavefront emerges from bipole 1/2, the ascending
wavefront from a site inferior to bipole 9/10.
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of the atrial flutter reentrant circuit), which are the CT and
the eustachian ridge. Nakagawa et al. (38) could demon-
strate that the eustachian ridge is a barrier to conduction
and our findings, as others, give evidence that the CT is an
area of slow conduction. Thus, the activation time around
the tricuspid annulus might be shorter than the activation
time around the inferior vena cava. However, this has to be
clarified in further mapping studies.
Conduction in patients with atrial flutter versus atrial
fibrillation. During programmed stimulation in patients
with history of atrial flutter, the occurrence of a functional
conduction block was found at longer coupling intervals, as
compared with that observed in patients with history of
atrial fibrillation. Correspondingly, during stimulation with
a given coupling interval, the length of the line of block in
patients with atrial flutter exceeded that in patients with
atrial fibrillation. In addition, a facilitation of conduction
block at the CT by disopyramide resulted in 3 of 10 patients
with previously documented atrial fibrillation in typical
atrial flutter. It has long been recognized that some patients
with recurrent atrial arrhythmias exhibit exclusively episodes
of atrial flutter and others exclusively episodes of atrial
fibrillation. It is well known (39–48) that a long linear
lesion in the lateral right atrium by surgical incisions
contributes to the development of atrial flutter. The findings
of this study provide evidence that the occurrence of an
extended functional conduction block at the CT may have
similar effects, and thus may be one of the electrophysiologic
conditions that are prone to develop atrial flutter. This
hypothesis is supported by the observation from Waldo and
Cooper (49) that before the spontaneous onset of atrial
flutter in men a short episode of a transitional, progressively
organizing rhythm, usually atrial fibrillation, can be found.
The authors suggest that this rhythm is mandatory for the
initiation of atrial flutter because it evolves the requisites for
development of the atrial flutter reentry circuit. In addition,
the same working group found a progressively lengthening
line of functional conduction block at the lateral right
atrium when mapping the spontaneous conversion from
atrial fibrillation to atrial flutter in the canine sterile peri-
carditis model (50,51). Our findings suggest that the func-
tional conduction block observed by these authors originates
at the CT.
Study limitations. The methodologic limitations of “low
density” in vivo mapping in humans, however, should not be
underestimated. Though the observation of split potentials
associated with an alteration of the activation sequence of
the second component strongly suggests conduction block, a
marked conduction delay cannot be excluded. Actually,
Table 2. Longest Coupling Interval That Resulted in a
Functional Conduction Block at the Crista Terminalis During
Programmed Atrial Stimulation
Patient 1/2 3/4 5/6 7/8 9/10
#1 250 270 250 250 250
#2 310 250 250 250 250
#3 270 270 290 290 310
#4 , 210* , 210* 390 . 500† . 500†
#5 270 290 310 290 250
#6 250 270 270 270 250
#7 310 330 330 310 310
#8 420 420 420 420 420
#9 330 330 310 320 320
#10 290 290 290 310 320
#11 210 210 230 230 210
#12 250 250 240 240 250
#13 240 240 240 240 250
#14 300 300 290 310 300
#15 250 250 250 230 190
#16 , 190* , 190* , 190* 190 190
#17 290 290 250 230 210
#18 , 190* , 190* , 190* , 190* , 190*
#19 230 230 250 250 210
#20 , 190* , 190* , 190* , 190* , 190*
*When no split potentials were found before the right atrium was refractory, the right
atrial refractory period is presented. †When split potentials were already present
during pacing with basis cycle length, the pacing cycle length is presented. Pacing was
performed with a pacing cycle length of 500 ms at five mapping sites anteriorly to the
crista terminalis. 1/2 indicates the most superior electrodes of the crista terminalis
catheter; 9/10, the most inferior electrodes. All coupling intervals are expressed in
milliseconds. Patients #1 to #10 had episodes of atrial flutter, Patients #11 to #20
atrial fibrillation.
Table 3. Longest Coupling Interval That Resulted in a
Conduction Block at the Crista Terminalis in Patients With
Atrial Flutter Versus Atrial Fibrillation
Mapping
Site
Patients
With Atrial
Flutter
Patients
With Atrial
Fibrillation
p
Value
Pair 1/2 291 6 57 236 6 44 , 0.05
Pair 3/4 293 6 57 234 6 40 , 0.05
Pair 5/6 311 6 56 232 6 33 , 0.01
Pair 7/8 321 6 79 230 6 36 , 0.01
Pair 9/10 318 6 83 219 6 37 , 0.01
Refractory periods are expressed in milliseconds as mean 6 1 SD. Pacing cycle length
was 500 ms. Pair 1/2 refers to the most superior bipole of the crista terminalis
catheter, Pair 9/10 to the most inferior bipole.
Table 4. Longest Coupling Interval That Resulted in a
Conduction Block at the Crista Terminalis Before and After
Administration of 2 mg/kg Disopyramide
Mapping
Site
Before
Disopyramide
After
Disopyramide p Value
Pair 1/2 264 6 57 308 6 76 , 0.01
Pair 3/4 264 6 57 306 6 79 , 0.01
Pair 5/6 272 6 60 306 6 79 , 0.001
Pair 7/8 276 6 76 305 6 80 , 0.001
Pair 9/10 269 6 81 309 6 93 , 0.01
Refractory periods are expressed in milliseconds as mean 6 1 SD. Pacing cycle length
was 500 ms. Pair 1/2 refers to the most superior bipole of the crista terminalis
catheter, Pair 9/10 to the most inferior bipole.
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conduction delays have been proved to be the cause of
double potentials in different settings (i.e., intrahisian
“block”). However, the alteration of the activation sequence
of the second component gives further evidence of conduc-
tion block and findings from experimental studies with high
density epicardial mapping support the interpretation of our
observations (15,16,32).
Aside from that, conduction was determined during
pacing in the lateral right atrium adjacent to the anterior
edge of the CT in patients with documented atrial tachy-
arrhythmias. Pulse propagation in the opposite direction
(from posterior to anterior) or in healthy subjects or after
pacing apart from the CT need not necessarily match the
presented findings. The latter is especially true for conduc-
tion times and individual refractory periods since the con-
duction delay observed at the CT may be aggravated by the
proximity of pacing and mapping site (52).
Finally, the effects of class I antiarrhythmic agents on
right atrial activation during atrial fibrillation have not been
fully elucidated. It is well known that atrial fibrillation
organizes to typical atrial flutter in selected patients treated
with these drugs (20,53–55). The antiarrhythmic effect of
disopyramide results from a prolongation of atrial refracto-
riness and a decrease of intra-atrial conduction velocity.
Prolongation of atrial refractoriness will lengthen excitation
wavelength and thus prevent reentry. However, it is thought
to mainly extinguish smaller reentrant circuits or reentrant
circuits in areas of high conduction velocity. A decrease of
intra-atrial conduction velocity may prevent reentrant cir-
cuits by producing complete block in the area of slow
conduction. In this study after disopyramide administration,
a conduction block at the CT was found at longer coupling
intervals than during baseline. This observation gives evi-
dence that a transformation of slow transverse conduction
across the CT into a conduction block is facilitated by
disopyramide. Subsequently, in selected patients with pre-
viously documented atrial fibrillation, programmed atrial
stimulation resulted in atrial flutter, suggesting that this is
the result of the disopyramide action at the CT. However,
this study was not designed to clarify the effects of disopyr-
amide and additional targets of its antiarrhythmic action are
likely.
Conclusions. In summary, it is concluded that limited
transverse conduction capabilities of the CT may contribute
to the development of atrial flutter.
Acknowledgment
We are indebted to Priv.-Doz. Dr. W. Schoels, University
of Heidelberg, Germany for his comments.
Reprint requests and correspondence: Dr. Burghard Schumacher,
University Hospital Mannheim, University of Heidelberg,
Theodor-Kutzer-Uber 1-3, 68167 Mannheim, Germany. E-mail:
burghard.schumacher@med2.ma.uni-heidelberg.de.
REFERENCES
1. Waldo AL. Atrial flutter: new directions in management and mech-
anism. Circulation 1990;81:1142–3.
2. Cosio FG, Lopez GM, Goicolea A, Arribas F. Electrophysiologic
studies in atrial flutter. Clin Cardiol 1992;15:667–73.
3. Olshansky B, Wilber DJ, Hariman RJ. Atrial flutter: update on the
mechanism and treatment. PACE Pacing Clin Electrophysiol 1992;
15:2308–35.
4. Cosio FG, Arribas F, Lopez-Gil M, Palacios J. Atrial flutter mapping
and ablation. I. Studying atrial flutter mechanisms by mapping and
entrainment. PACE Pacing Clin Electrophysiol 1996;19:841–53.
5. Frame LH, Page RL, Boyden PA, et al. Circus movement in the
canine atrium around the tricuspid ring during experimental atrial
flutter and during reentry in vitro. Circulation 1987;76:1155–75.
6. Boyden PA, Frame LH, Hoffman BF. Activation mapping of reentry
around an anatomic barrier in the canine atrium: observations during
entrainment and termination. Circulation 1989;79:406–16.
7. Schoels W, Kuebler W, Yang H, et al. A unified functional/anatomic
substrate for circus movement in atrial flutter: activation and refractory
patterns in the canine right atrial enlargement model. J Am Coll
Cardiol 1993;21:73–84.
8. Feld GK, Shahandeh RF. Activation patterns in experimental canine
atrial flutter produced by right atrial crush injury. J Am Coll Cardiol
1992;20:441–51.
9. Frame LH, Page RL, Hoffman BF. Atrial reentry around an anatomic
barrier with a partially refractory excitable gap: a canine model of atrial
flutter. Circ Res 1986;58:495–511.
10. Shimizu A, Nozaki A, Rudy Y, Waldo AL. Characterization of double
potentials in a functionally determined reentrant circuit. Multiplexing
studies during interruption of atrial flutter in the canine pericarditis
model. J Am Coll Cardiol 1993;22:2022–32.
11. Waldo AL, MacLean WAH. Diagnosis and Treatment of Arrhyth-
mias Following Open Heart Surgery: Emphasis on the Use of
Epicardial Wire Electrodes. Mt. Kisco (NY): Futura, 1980:3–11.
12. Kalman JM, Olgin JE, Saxon LA, et al. Activation and entrainment
mapping defines the tricuspid annulus as the anterior barrier in typical
atrial flutter. Circulation 1996;94:398–406.
13. Arribas F, Lopez-Gil M, Cosio FG, Nunez A. The upper link of
human common atrial flutter circuit: definition by multiple endocardial
recordings during entrainment. PACE Pacing Clin Electrophysiol
1997;20:2924–9.
14. Olgin JE, Kalman JM, Fitzpatrick AP, Lesh MD. Role of right atrial
endocardial structures as barriers to conduction during human type I
atrial flutter. Activation and entrainment mapping guided by intracar-
diac echocardiography. Circulation 1995;92:1839–48.
15. Yamashita K, Hiraoka M, Adaniya H. Conduction blocks in and
around preferential pathway of dog right atrium. Am J Physiol
1987;253:16–24.
16. Matsuo K, Uno K, Khrestian CM, Waldo AL. The crista terminalis is
not normally a barrier to conduction—implications for atrial flutter
(abstr). J Am Coll Cardiol 1998;31:221A.
17. Moe G. On the multiple wavelet hypothesis of atrial fibrillation. Arch
Int Pharmacodyn Ther 1962;140:183–8.
18. Alessie MA, Lammers WE, Bonke FI, et al. Experimental evaluation
of Moe’s multiple wavelet hypothesis of atrial fibrillation. In: Zipes
DP, Jalife J, eds. Cardiac Electrophysiology and Arrhythmias. Orlando
(FL): Grune & Stratton, 1985:265–75.
19. Konigs KT, Kirchhof CJ, Smeets JR, et al. High density mapping of
electrically induced atrial fibrillation in man. Circulation 1994;89:
1665–80.
20. Lawrence DR. Clinical Pharmacology. 2nd ed. London: J & A
Churchill, 1963:334.
21. Ortiz J, Niwano S, Abe H, et al. Mapping the conversion of atrial
flutter to atrial fibrillation and atrial fibrillation to atrial flutter. Insights
into mechanisms. Circ Res 1994;74:882–94.
22. Chu E, Fitzpatrick AP, Chin MC, et al. Radiofrequency catheter
ablation guided by intracardiac echocardiography. Circulation 1994;
89:1301–5.
23. Chu E, Kalman JM, Kwasman MA, et al. Intracardiac echocardiog-
raphy during radiofrequency catheter ablation of cardiac arrhythmias
in man. J Am Coll Cardiol 1994;24:1351–7.
24. Waldo AL, Kastor JA. Atrial flutter. In: Kastor JA, ed. Arrhythmias.
Philadelphia: WB Saunders, 1994:105–15.
372 Schumacher et al. JACC Vol. 34, No. 2, 1999
Transverse Conduction Capabilities of the CT August 1999:363–73
25. Olshansky B, Okumura K, Henthorn RW, Waldo AL. Characteriza-
tion of double potentials in human atrial flutter: studies during
transient entrainment. J Am Coll Cardiol 1990;15:833–41.
26. Tanoiri T, Komatsu C, Ishinaga T, et al. Study on the genesis of the
double potential recorded in the high right atrium in atrial flutter and
its role in the reentry circuit of atrial flutter. Am Heart J 1991;121:
57–61.
27. Cosio FG, Arribas F, Barbero JM, et al. Validation of double-spike
electrograms as markers of conduction delay or block in atrial flutter.
Am J Cardiol 1988;61:775–80.
28. Cosio FG, Goicolea A, Lopez-Gil M, et al. Atrial endocardial
mapping in the rare form of atrial flutter. Am J Cardiol 1990;66:715–
20.
29. Spach MS, Miller WT, Dolber PC, et al. The functional role of
structural complexities in the propagation of depolarization in the
atrium of the dog: cardiac conduction disturbances due to disconti-
nuities of effective axial resistivity. Circ Res 1982;50:175–91.
30. Spach MS, Miller WT, Geselowitz DB, et al. The discontinuous
nature of propagation in normal canine cardiac muscle. Evidence for
recurrent discontinuities of intracellular resistance that affect the
membrane currents. Circ Res 1981;48:39–54.
31. Saffitz JE, Kanter L, Green KG, et al. Tissue-specific determinant of
anisotropic conduction velocity in canine atrial and ventricular myo-
cardium. Circ Res 1994;74:1065–70.
32. Schoels W, Becker R, Klinkott R, et al. Intercaval block in atrial
flutter. Is there a physiologic basis? (abstr). Eur Heart J 1998;19
Suppl:466.
33. Poty H, Saoudi N, Nair M, et al. Radiofrequency catheter ablation of
atrial flutter: further insights into the various types of isthmus block:
application to the ablation during sinus rhythm. Circulation 1996;94:
3204–13.
34. Cauchemez B, Haissaguerre M, Fischer B, et al. Electrophysiological
effects of catheter ablation of inferior vena cava-tricuspid annulus
isthmus in common atrial flutter. Circulation 1996;93:284–94.
35. Schwartzman D, Callans DJ, Gottlieb CD, et al. Conduction block in
the inferior vena caval-tricuspid valve isthmus: association with out-
come of radiofrequency ablation of type I atrial flutter. J Am Coll
Cardiol 1996;28:1519–31.
36. Schumacher B, Tebbenjohanns J, Pfeiffer D, et al. Acute and long-
term effects of consecutive radiofrequency applications on conduction
properties of the inferior vena cava to tricuspid annulus isthmus in type
1 atrial flutter. J Cardiovasc Electrophysiol 1998;9:152–63.
37. Racker DK, Ursell PC, Hoffman BF. Anatomy of the tricuspid
annulus: circumferential myofibers as the structural basis for atrial
flutter in a canine model. Circulation 1991;84:841–51.
38. Nakagawa H, Lazzara R, Kasthgir T, et al. Role of the tricuspid
annulus and the eustachian valve/ridge on atrial flutter. Circulation
1996;94:407–24.
39. Feld GK, Shahandeh-Rad F. Activation patterns in experimental
canine atrial flutter produced by right atrial crush injury. J Am Coll
Cardiol 1992;20:441–51.
40. Schoels W, Restivo M, Caref EB, et al. Circus movement of atrial flutter
in canine sterile pericarditis model. Circulation 1991;83:1716–30.
41. Flinn CJ, Wolff GS, Dick M. Cardiac rhythm after the Mustard
operation for complete transposition of the great arteries. N Engl
J Med 1984;310:1635–42.
42. Warnes CA, Sommerville J. Transposition of the great arteries: late
results in adolescents and adults after the Mustard procedure. Br
Heart J 1987;58:148–55.
43. Driscoll DJ, Offord KP, Feldt RH, et al. Five- and fifteen-year
follow-up after Fontan operation. Circulation 1992;85:469–96.
44. Kalman JM, van Hare GF, Olgin JF, et al. Ablation of ‘incisional’
reentrant atrial tachycardia complicating surgery for congenital heart
disease. Circulation 1996;93:502–12.
45. Cronin CS, Nitta T, Mitsuno M, et al. Characterization and surgical
ablation of acute atrial flutter following the mustard procedure.
Circulation 1993;88:461–71.
46. Vetter VL, Tanner CS, Horowitz LN. Electrophysiologic conse-
quences of the Mustard repair of d-transposition of the great arteries.
J Am Coll Cardiol 1987;10:1265–73.
47. van Hare GF, Lesh MD, Ross BA, et al. Mapping and radiofrequency
ablation of intraatrial reentrant tachycardia after the Senning or
Mustard procedure for transposition of the great arteries. Am J Cardiol
1996;77:985–91.
48. Triedman JK, Jenkins KJ, Colan SD, et al. Intra-atrial reentrant
tachycardia after palliation of congenital heart disease: characterization
of multiple macroreentrant circuits using fluoroscopically based three-
dimensional endocardial mapping. J Cardiovasc Electrophysiol 1997;
8:259–70.
49. Waldo AL, Cooper TB. Spontaneous onset of type I atrial flutter in
patients. J Am Coll Cardiol 1996;28:707–12.
50. Ortiz J, Igarashi M, Gonzalez X, et al. Mechanism of spontaneous
termination of stable atrial flutter in the canine sterile pericarditis
model. Circulation 1993;88:1866–77.
51. Shimizu A, Nozaki A, Rudy Y, Waldo AL. Onset of induced atrial
flutter in the canine pericarditis model. J Am Coll Cardiol 1991;17:
1223–34.
52. Fananapazir L, Packer D, Prystowsky EN. Differential effects of
changes in local myocardial refractoriness on atrial and ventricular
latency. Circulation 1996;94:1364–71.
53. Feld GH, Chen PS, Nicod P, et al. Atrial proarrhythmic effects of
class I antiarrhythmic drugs. Am J Cardiol 1990;66:378–82.
54. Schumacher B, Jung W, Lewalter T, et al. Radiofrequency ablation of
atrial flutter due to administration of class IC antiarrhythmic drugs for
atrial fibrillation. Benefits of a “hybrid” therapy for atrial fibrillation.
Am J Cardiol 1999;83:710–3.
55. Tondo C, Riva S, Carbucicchio C, et al. Effects of classes IA and IC
antiarrhythmic drugs on activation pattern during atrial fibrillation:
potential guide to catheter ablation? (abstr). Pacing Clin Electro-
physiol 1998;21 (Suppl):868.
373JACC Vol. 34, No. 2, 1999 Schumacher et al.
August 1999:363–73 Transverse Conduction Capabilities of the CT
